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Multicast has been used as an effective solution to provide efficient delivery among a 
group of users simultaneously. By sharing a data stream across multiple receivers, 
multicast saves network resources such as bandwidth, power resources, time, traffic, etc. 
We target a class of multicast applications where (error-free) fully reliable data reception 
is required such as information dissemination (file transfer and software-updates), 
distributed computing, and whiteboard sharing. We also target another class of 
applications where a reliable data transmission in a tight delay bound is required like 
multimedia conferencing and high quality streaming video/audio. 
 Reliability in wireless links can be achieved using Automatic Repeat Request 
(ARQ) or Forward Error Correction (FEC). Yet better performance results can be obtained 
when using FEC together with ARQ forming what is known as (Hybrid-ARQ). In this 
thesis, we focus on single channel multi-access WLANs, in which a receiver cannot 
correctly receive a packet when two or more senders are transmitting at the same time. In 
such networks, MAC layer multicast reliability is difficult to achieve due to ”feedback 
collisions” that may occur to simultaneous feedback messages from multicast group 
members. To avoid the feedback collisions problem the IEEE 802.11 WLAN standard does 
not provide any reliability features for multicast. 
 The primary goal of this thesis is to propose efficient protocols that provide 
reliable communication for multicast applications operating on single channel 
multi-access WLANs. Our proposed solution takes advantage of feedback collisions rather 
than avoiding them. This approach has several advantages such as using a single 
contention for all multicast group members to acknowledge the multicast packet. Thus 
minimizing the time required to acknowledge the packet and therefore improving the 
overall multicast throughput. More importantly, our approach succeeds in delivering a 
reliable multicast transmission without requiring severe changes in the Media Access 
Control (MAC) or Physical (PHY) layers of the IEEE 802.11 WLAN. 
 In this thesis we also propose the idea of link adaptation for multicast 
transmissions. In wireless networks, path loss, fading and channel interference, all 
contribute to the variations in the channel conditions between senders and receivers. Link 
adaptation is the process of dynamically switching data rates/ or channel coding rates to 
match the channel conditions, with the goal of selecting the rate that will give the 
optimum performance for the conditions. However, due to the unavailability of a 
multicast reliable MAC layer, it becomes impossible for the multicast sender and receivers 
to communicate their rapidly fluctuating channel conditions to each other. Being able to 
deliver such requirement for multicast, our approach makes multicast link adaptation 
possible. 
 
 We propose two link adaptation protocols for multicast transmissions. The first is 
based on the dynamic selection of modulation schemes depending on channel conditions 
between the sender and multicast group members with the goal of selecting the 
modulation scheme, which provides the highest reliable throughput performance. We call 
this protocol Rate Adaptive Multicast (RAM). The other proposed multicast adaptation 
protocol is called FEC Adaptive Multicast (FAM). In FAM, the multicast packet is encoded 
with different levels of FEC coding rates depending on the channel conditions. In both 
protocols, the selection of an optimum code is done by the proposed reliable MAC. 
 The proposed algorithms are evaluated mathematically and simulated using 
OMNeT++ simulation environment. Using mathematical analysis we evaluate the 
throughput performances under the various modulation/FEC encoding rates given the 
received signal-to-interference plus noise ratio (SINR). The throughput performance is 
evaluated to show the maximum deliverable throughput performance using our 
algorithm. Moreover, it is used to select the SINR threshold values used in the link 
adaptation algorithm. The simulation is used to evaluate the performance of the protocols 
in terms of reliability, throughput and delay, which are measured by Packet Delivery 
Ratio (PDR), reliable throughput and delay metrics respectively. These performance 
metrics are measured under different channel quality levels in two simulation scenarios. 
 The final contribution of this paper is a comparison between the packet-level and 
byte-level reliability of multicast systems. Reliability can be achieved either locally 
(Byte-Level) or through upper layers in an end-to-end basis (Packet Level). End-to-end 
multicast reliability requires the original far sender to retransmit over the entire multicast 
tree and wireless link wasting bandwidth and processing resources. On the other hand, 
local link level error recovery operates on the Medium Access Control (MAC) Layer in a 
considerably smaller time-scale.  The responsibilities of retransmissions are given to the 
local neighbors; Access Point (AP) or single hop neighbor rather than the far original 
sender. Therefore, MAC layer reliability would save time as well as network and end 
system resources. Moreover, when considering FEC as an example of reliable 
transmissions, packet-level FEC employ erasure codes which has good error correction 
rates and doesn't require any changes to the IEEE802.11 standard, but the large symbol 
size can introduce insufficient delay, high complexity and large PER under low channel 
conditions. On the other hand, byte-level FEC operates on byte symbols of a single packet. 
Leading to a better overall PER and throughput performances. Having proposed the FEC 
adaptive protocol in this thesis, we perform a thorough comparison of byte-level and 
packet-level FEC and compare the performances of both protocols mathematically and 
using computer simulation. We demonstrate that byte-level FEC is far superior in terms of 
reliability, throughput and delay. 
The thesis is organized into four main chapters preceded by an introduction, and 
terminated by a conclusion. All chapters are summarized below: 
Chapter 1. Introduction describes the objective on this research by introducing multicast 
in multi-access wireless networks and advantages of link level reliability. It also briefly 
explains the idea of link adaptation. Finally, the organization of the thesis is presented. 
Chapter 2. An Overview of Multicast Reliability in WLANs summarizes the basic 
principles of IEEE 802.11 wireless networks from physical and MAC layer aspects 
including frame formats and RTS/CTS exchanges and their advantages. A thorough 
survey of latest protocols for providing multicast reliability is presented in this chapter 
where we classify the protocols based on special features they have in common. Finally, 
the merits and drawbacks of each class of protocols is discussed in the final section while 
pointing out the most suitable approach for link adaptation in multicast systems. 
Chapter 3. A Rate Adaptive Reliable MAC for WLAN Multicast proposes the idea of 
data rate adaptation for multicast WLAN. The Rate Adaptive Multicast (RAM) protocol is 
proposed, analyzed and simulated in comparison with other reliable multicast protocols. 
Our results show that RAM can supersede its counterpart protocols in terms of 
throughput and reliability. 
Chapter 4. An FEC Adaptive Reliable MAC for WLAN Multicast describes the idea of 
FEC adaptation for multicast by introducing the FEC Adaptive Protocol (FAM). Using 
Reed Solomon codes, we demonstrate the error correction capability of our protocol in 
theoretical analysis. Then we simulated the protocol and show its results compared to 
conventional IEEE 802.11 with and without FEC. The results deliver the promised results. 
Chapter 5. A Comparison of Packet and Byte Level FEC for WLAN Multicast provides a 
general discussion on the advantages of using byte-level FEC for providing reliability on 
WLANs. The comparison is done analytically and using computer simulation and the 
results are shown for reliable throughput, delay and packet delivery ratios.   
Chapter 6. Conclusion Summarizes the research work presented in this thesis. 
 
To conclude, In this thesis, we investigated ways of providing multicast reliability to the 
unreliable IEEE802.11 MAC. We also study the eﬀect of applying link adaptation to 
multicast links. We introduced Rate Adaptive Multicast and FEC Adaptive Multicast. 
These two protocols make it possible not only to provide reliability for WLANs, but also 
to enhance data throughput using rate adaptation and FEC adaptation for Multicast Links. 
The protocol is described and compared to conventional WLAN multicast with and 
without adaptations. Other comparisons with popular alternative protocols for MAC and 
Application layer reliability are preformed. Further, these protocols are evaluated by 
throughput analysis and computer simulation. Simulation results suggest that the 
protocols perform better in both throughput as well as reliability performances. 
 
 
